We present an all-sky catalogue of 395 nearby galaxy groups revealed in the Local Supercluster and its surroundings. The groups and their associations are identified among 10914 galaxies at |b| > 15
INTRODUCTION
As the observational data show, the bulk of galaxies inhabit the groups with a number of members from two to a hundred or more. Our Galaxy and its companions are no exception, forming a group with the population n ∼ 25. The main features of the Local Group and other closest (and therefore the most studied) groups were examined by Karachentsev (2005) . Due to their abundance, the groups of galaxies make a main contribution to the average density of matter in the universe. However, according to Karachentsev (2005) , this contribution in the Local Volume with the radius of 10 Mpc around us amounts to just Ω m,loc ∼ 0.1 in the units of critical density, what is significantly lower than the global cosmic value Ωm ∼ 0.28 (Fukugita & Peebles 2004 ; Spergel et al.
⋆ E-mail: dim@sao.ru 2007) with the Hubble constant H0 = 73 km s −1 Mpc −1 . Such a difference may be due to the smallness of the Local Volume, where the statistics of groups is insufficient or does not cover all the variety of groups according to their morphological population and structure. Therefore it is essential to determine the mean local density of matter in larger volume where statistical fluctuations do not introduce significant uncertainty. Despite of 15 per cent variance of density on scale of 80 Mpc (Pápai & Szapudi 2010) , this volume is big enough to be considered as fair approximation to mean properties of the Universe.
New mass surveys of galaxy redshifts: 2dF , HIPASS (Barnes et al. 2001 ), 6dF (Jones et al. 2004 ), ALFALFA (Giovanelli et al. 2005) , SDSS (Abazajian et al. 2009 ) present extensive opportunities for finding the groups of galaxies with a particular algorithm. However, the surveys of the sky in the selected regions up to high redshifts z > 0.1 appear to be insufficient for the analysis of small-scale clustering due to the loss of a great number of low-luminosity dwarf galaxies in the distant volumes. For example, in the Sloan Digital Sky Survey (SDSS), covering a quarter of the sky, the average distance between the galaxies with measured radial velocities is 9 Mpc, what is an order of magnitude larger than the diameter of a typical galaxy group. For a comparison, note that in the well-studied Local Volume the density of galaxies with measured velocities is two orders of magnitude higher than in the SDSS. Therefore, a sensible strategy in the study of galaxy groups would be to create a representative catalogue of nearby systems over the entire sky within the radius z ∼ 0.01.
Successful attempts to create a catalogue of nearby groups were made by Vennik (1984 Vennik ( , 1987 ; Tully (1987 Tully ( , 1988 ; Magtesyan (1988) , who used the method of a 'hierarchical tree' proposed by Materne (1978 Materne ( , 1979 ). Tully's catalogue and atlas of galaxy groups has 179 pairs and groups, selected among 2367 galaxies with the radial velocities of less than 3000 km s −1 . About 2/3 of the 2367 galaxies in the above catalogue appeared to be the members of multiple systems. Based on the virial mass estimates for these groups, Tully determined the lower limit of the mean density in the studied volume as Ω m,loc ≃ 0.08. Similar estimates, Ω m,loc ∼ 0.08 and 0.05, were obtained by Vennik (1987) and Magtesyan (1988) , respectively. However, other authors, Huchra & Geller (1982) ; Maia et al. (1989) , who used the percolation method (the so-called 'friend of friend' method) to isolate the groups, obtained 3-5 times higher estimates of Ωm.
Over the past 20 years the number of galaxies in the volume of the Local Supercluster and its environs with radial velocities relative to the centroid of the Local Group VLG < 3500 km s −1 has grown by more than 4 times. The updates of the observational database on the radial velocities, and appearance of a homogeneous across the sky 2MASS near-infrared photometric survey (Jarrett et al. 2003 (Jarrett et al. , 2000 enables us to study the structure and kinematics of nearby galaxy groups with significantly greater detail.
This work is a continuation of a series of papers addressing the properties of binary ) and triple ) systems of galaxies, detected with one and the same algorithm, applied to the same set of the observational data. These catalogues contain, respectively, 509 binary systems and 168 triplets of galaxies. In addition to these, we have compiled a catalogue of 513 isolated galaxies, which are the most isolated objects in the studied volume VLG < 3500 km s −1 ). In this paper we present a catalogue of 395 multiple systems with the populations of four or more members, and discuss the basic properties of these groups.
OBSERVATIONAL DATA
We use the HyperLEDA 1 (Paturel et al. 2003 ) and the NED of galaxies. It must be emphasized that their use requires a critical approach. Both these databases contain a significant amount of 'spam'. Quite common case is a misidentification of objects due to misprints or imprecise coordinates. Without diminishing the importance of mass surveys like 6dF and others, it is necessary to note they produce significant number of erroneous radial velocities. Apparent magnitudes and radial velocities from the SDSS survey often correspond to individual knots and associations in bright galaxies. It is only tip of the iceberg of different sources of pollution of the databases. We have taken into account and corrected, where possible, these cases, especially significant for selection of tight galaxy systems. As a matter of fact it is most hard and time-consuming part of our work. Because the databases are constantly updated and new invalid data emerge, therefore the error correction is iterative task. Additionally, we made a number of optical identifications of HI sources from the HIPASS survey, specifying their coordinates and determining the apparent magnitudes and morphological types of galaxies . Many dwarf galaxies, especially of low surface brightness, were examined by us on the DSS digital images to determine their main characteristics. A typical error of our visual estimation of a galaxy's apparent magnitude is ∼ 0.5 m , and the mean error its type determination is about ±2 in the digital scale used by de Vaucouleurs et al. (1976) in the RC2 catalogue.
As it is known, the best indicator of stellar mass of a galaxy is it's near-infrared luminosity. The stellar mass dominates the baryon mass in most, but not all, galaxies. The near-infrared flux is weakly affected by a dust and young blue star complexes in the galaxy. For this reason, we have taken photometry in K-band at λ = 2.16µm as our photometric basis. Most of these data come from the all-sky 2MASS survey (Jarrett et al. 2003 (Jarrett et al. , 2000 . In case of lack the K-band photometry we transferred the optical (B, V, R, I) and near-infrared (J, H) magnitudes of galaxies into the Kmagnitudes using synthetic colours of galaxies from Buzzoni (2005) and Fukugita et al. (1995) . The greatest amount of photometric data for galaxies falls on the B-band. Based on the relations between the B − K colour index and the morphological type, discussed by Jarrett et al. (2003) , and Karachentsev & Kutkin (2005) , we used the following transformations for the mean colour index: because we apply it mainly for dwarf galaxies which are not dominate in the total luminosity this transformation can not change significantly properties of the groups.
We gathered all the available in the HyperLEDA and NED measurements of radial velocities of the galaxies in the Local Supercluster and its neighbourhood. Unreliable and inaccurate measurements, namely, where the velocity measurement error was greater than 75 km s −1 , were excluded. In the data of the SDSS, 2dF and 6dF surveys we analysed and removed the measurements with the velocities of < 600 km s −1 , if they were the cases of a Milky Way star projecting onto a distant galaxy. When a galaxy had several measurements of its radial velocity, we chose the median value, and the velocity error was estimated as a variance of all the good measurements.
It is necessary to note that Local Group with all its known members was excluded from calculation because the algorithm does not use information on real distances and uses only radial velocities for clusterization. It makes impossible to estimate the properties of galaxies in the Local Group that introduces a mess with membership in the Local Volume.
Our original sample, cleaned from doubtful cases, contains in total 10914 galaxies with radial velocities in the Local Group rest frame of VLG < 3500 km s −1 , located at the galactic latitudes |b| > 15
• . For all these galaxies we fixed their apparent magnitudes and morphological types. To avoid influence of the boundaries on properties of groups we also used in our calculations the data on the galaxies located in the boundary regions with 10
• < |b| < 15
• and with 3500 < VLG < 4000 km s −1 , as some individual members of groups with large virial velocities could appear there. The sampling of such a depth contains the entire Local Supercluster with its distant outskirts, surrounding voids and ridges of the neighbouring clusters.
THE GROUP FINDING ALGORITHM
Various algorithms were proposed to identify the groups of galaxies in samples, limited by apparent magnitudes or galaxy distances. However, they can be reduced to two basic ones: the percolation method ('friend of friend') and the taxonometric method (construction of a hierarchical tree).
Using the percolation technique, Huchra & Geller (1982) combined the galaxies in groups on the condition that their projected mutual linear separations and radial velocity differences were smaller than some threshold values Rc and Vc. At Rc = 0.52 Mpc and Vc = 600 km s −1 they have grouped in the CfA redshift survey about 74 per cent of the galaxies, and obtained the groups with a characteristic radius of R h = 1.1 Mpc, radial velocity dispersion σV = 208 km s −1 , and mean virial mass lg(Mvir/M⊙) = 13.5. This method was applied by many authors to different samples of galaxies. The disadvantage of this method is the arbitrariness of choice of two percolation parameters Rc and Vc, a variation of which strongly affects the characteristic size and mass of groups, as well as the fraction of galaxies belonging to the groups. Tracking some mean contrast of the galaxy number density by the Rc and Vc parameters, the percolation criterion overlooks many real groups in the regions of low density, and finds large non-virialized aggregates in the regions of overdensity. Another shortcoming of the 'friend of friend' method manifests itself in a strong dependence of the group parameters on the group distance D from the observer. Various attempts to reduce this dependence by introducing the variables Rc(D) and Vc(D) were accompanied by additional arbitrary assumptions. Recently, Crook et al. (2007) applied the percolation method to the 2MASS survey of galaxies, and identified 1710 pairs and 1258 groups of galaxies at the relative density contrast δρ/ρ = 80. In this sample, the members of groups and pairs make up, respectively, 36 per cent and 17 per cent. The groups by Crook et al. (2007) with the number of members n 5 have a characteristic projection radius of about 1 Mpc, the dispersion of radial velocities of ∼ 200 km s −1 and the mean virial mass lg(Mvir/M⊙) ∼ 13.5. Taken the depth of the considered 2MASS sample Dmax = 140 Mpc, the contribution of virial masses of these groups in the mean density of matter is Ωm ≃ 0.13.
Following another, 'taxonometric' method, Vennik (1984) ; Tully (1988) combined galaxy pairs by the maximum ratio of their luminosity to the cube of mutual distance (L ik /R 3 ik ). Then such a pair was replaced by a 'particle' with the total luminosity, and the process of finding a case with max(L ik /R 3 ik ) repeated. The process was completed by creation of a single 'hierarchical tree' whose branches united the entire considered sample of galaxies. Clipping the tree branches on some contrast level of the volume luminosity yielded a set of branches-groups, the sizes and virial masses of which were dependent on the selected density (luminosity) contrast. Applying the dendrogram method, both authors obtained a characteristic projection radius of the group of 0.3 Mpc, the mean radial velocity dispersion σV ≃ 100km s −1 , and the virial mass to blue luminosity ratio Mvir/LB ≃ 95 M⊙/L⊙.
The both percolation and dendrogram methods ignore the individual properties of galaxies, considering them as indistinguishable particles. But it is obvious that the same thresholds Rc and Vc may be sufficient for clustering a pair of dwarf galaxies, but they are apparently not sufficient to bind a pair of giant galaxies. This inadequacy of the algorithm leads to a systematic distortion of the virial mass estimates.
Combining the galaxies into the systems of different multiplicity should be done taking into account the individual properties of galaxies. Considering two arbitrary galaxies as a virtual bound pair, we assume (Karachentsev 1994; Makarov & Karachentsev 2000) that the spatial velocity difference V12 for the galaxies in a physical pair and their spatial separation R12 must satisfy the condition of negative total energy
where M12 is the total mass of the pair, and G is the gravitational constant. However, from the observations we only know the velocity difference projected on the line of sight V12,r, and the separation projected onto the image plane R ⊥ . Two galaxies with a very small difference in radial velocities but a large separation in the sky can satisfy the condition (2) without being mutually bound. Hence the condition of negative total energy of the pair, expressed in terms of the observables
must be supplemented by another restriction on the maximal distance between the components at their fixed mass M12. The condition when the pair components remain within the sphere of 'zero-velocity' (Sandage 1986 ) takes the form of
where H0 is the Hubble constant. Our algorithm for galaxy grouping is in fact a variant of the percolation method. Firstly, we select all the pairs satisfying the conditions (3) and (4). Then all the pairs with common main component are combined in a group. If a galaxy turned out to be a companion of several massive galaxies at once, we join it with the most massive neighbour. In a particular case, one group may be a subgroup within a more extended system. In this sense, our algorithm combines the properties of both the 'friend of friend' method, and the hierarchical approach. On next stage, we replace the galaxies in the group by fake object with summarized luminosity of all its members and with mean redshift. After that we repeat all the steps from the beginning while some object obeys to bound criteria. Although, the algorithm is based on pairwise criterion on final step the bound condition is determined by the entire group.
We determined the masses of galaxies from their integral luminosity in the near-infrared Ks-band, supposing that they have the same mass-to-luminosity ratio
where κ is taken equal to 6. In the fact, the value of κ = 6 is only more or less arbitrary dimensionless parameter of the algorithm. To bound it we 'trained' the clusterization algorithm (3-5) on detailed three-dimensional distribution of galaxies in the Local Volume, where the membership of galaxies in the groups is known from good quality photometric distances. Karachentsev (2005) lists the members of several nearby groups like Cen A and M 81. Unfortunately, as it was noted in previous section, we can not test the algorithm on Local Group, thus we used other nearby groups in the Local Volume. The choice of κ = 6 is the compromise between a loss of the real members and an impurity of groups by false members. For the κ 4 we lose significant number of real members while κ 8 leads to appearance in the groups suspicious members. Moreover, for κ 10 galaxies are combined into extended non-virialized aggregates. At the given value of κ = 6 the dwarf companions in the well-known nearby groups are usually located inside the zero velocity surface around the major galaxies of these groups.
THE CATALOGUE OF GROUPS
The criteria (3-5) of unifying the galaxies in groups with the parameter κ = 6 was used for 10914 galaxies with radial velocities VLG < 3500 km s −1 , located outside the Milky Way zone, |b| > 15
• . This led to an identification of 395 groups with the population of n 4 members. In total, these groups include 4381 galaxies. Together with 1018 components of binary systems ) and 504 components of triplets ) in the same volume, the total number of clustered galaxies is 5903 or 54 per cent of the total number considered.
The catalogue of galaxy groups as the final result of successive iterations of the use of conditions (3-5) is presented in a short and full version. Table 1 is a compact version of the catalogue, containing the basic group characteristics listed in one row. The full version of the catalogue with the indication of all the individual members of each group is available in the electronic form at http://www.sao.ru/hq/dim/groups.
The columns of Table 1 contain the following data: 1) principal name of the group's brightest galaxy, taken, as a rule, from the LEDA;
2) equatorial coordinates of the group's main member at the epoch (J2000.0);
3) the number of group members with known radial velocities; 4) mean radial velocity of the group in km s −1 relative to the centroid of the Local Group; 5) the standard deviation of radial velocities of the group members (km s −1 ) not corrected for the velocity measurement errors; 6) mean harmonic radius of the group (kpc); at its computation the distance to the group D was determined from the mean radial velocity with the Hubble parameter H0 = 73 km s −1 Mpc −1 ; 7) logarithm of the total luminosity of the group in the photometric Ks-band given in the unit of solar luminosity at M⊙,K = 3.28 m (Binney & Merrifield 1998);  8) logarithm of the projected mass of the group, as defined by (Heisler et al. 1985, equation 11 )
where Vi,r and R i,⊥ are radial velocity and projected distance of the ith galaxy relative to the centre of the system. It should be noted that this value is statistically biased. To obtain an unbiased mass estimate the square of velocity, V 2 i,r , has to be corrected for measurement error, (V 2 i,r − ǫ 2 ). In case of large errors, ǫ, the unbiased value of the group mass, M c p , attains a negative value; 9) the projected mass-to-total luminosity ratio in the K-band in solar units; 10) morphological type of the group's main member according to the RC2 classification (de Vaucouleurs et al. 1976);  11) difference in apparent K-magnitudes of the first and second members of the group, ranked by K-luminosity; 12) group's membership in an association (cloud, clan), which is identified at a higher value of the dimensionless parameter adopted to be κ = 40; here the name of the association was given by the name of the group that is dominant in it; as it is evident from these data, a significant number of groups are isolated entities not associated with other neighbouring groups. Figure 1 . Sky distribution of the groups in equatorial coordinates. The groups are plotted as circles with a diameter proportional to the group K-band luminosity. The circle colour indicates a morphological type of the main galaxy in the group. The upper, middle and bottom panels corresponds, respectively, to three different volumes separated by the mean radial velocity of the groups. Small dots present the distribution of individual galaxies with radial velocities in the above intervals. The zone of strong Galactic extinction is shown in grey.
BASIC PROPERTIES OF THE GROUPS
The distribution of groups of galaxies over the sky in equatorial coordinates is given in three panels of Fig. 1 . The upper, middle and bottom panels correspond to near, intermediate and far volumes, delimited by the mean radial velocities of the groups: VLG < 1200 km s −1 , 1200 < VLG < 2400 km s −1 and 2400 < VLG < 3500 km s −1 . Each group is indicated by a circle, the diameter of which is proportional to the total Kluminosity (i.e. the stellar mass) of the group members. The circle colour indicates the morphological type of the main member of the group in the colour spectrum: from the early E, S0 types with an old population (red) to the late Irr, BCD types with a young population (light blue). For comparison, small black dots show the distribution of individual galaxies with radial velocities in the above intervals. The grey ragged ring-shaped region traces the zone of strong absorption in the Milky Way according to Schlegel et al. (1998) .
As expected, a complex of groups in the Virgo region, where the core of the Local Supercluster of galaxies is located, stands out in the near volume (VLG < 1200km s −1 ). The richest group (n = 355 members) is associated with a giant elliptical galaxy M 49 = NGC 4472. The neighbouring groups with the total number of members amounting to 1558 are located mostly along the equator of the Local Supercluster. The other most massive groups in this volume are the groups around M 105 = NGC 3379 (Leo I) and NGC 1553 (Dorado). Among the nearest groups our criteria identifies practically all the known groups around the main galaxies: M 81, NGC 253, Cen A, M 83, NGC 628, M 51, M 101, NGC 891/1023, M 104 (Sombrero) etc.
In the intermediate volume (1200 < VLG < 2400) the traces of group concentration within the Virgo region are also visible, but in general the effect of the Local Supercluster is barely noticeable. The most massive group in this volume is the Fornax cluster (NGC 1399) with a population of n = 111. The aggregate of groups in the Fornax and in the Eridanus (NGC 1332/1395/1407) gathers 379 galaxies in total. In addition to these, in other regions of the sky there are massive groups around NGC 5846 (n = 74) and NGC 5746 (n = 39).
In the distant part of the studied volume (the bottom panel of Fig. 1 ) the groups show a tendency to be located along some filaments. The most massive groups: Centaurus (NGC 4696), Antlia (NGC 3268) and Hydra (NGC 3311) have masses comparable with that of the Virgo and Fornax clusters. It is easy to notice that the colour of circles in all the panels is correlated with their sizes, demonstrating the well-known observational fact that the E and S0 galaxies usually occur among the brightest members of rich groups and clusters.
Increasing the clustering parameter κ in (5), the galaxies can be combined into more extended aggregates (clouds), which no longer meet the condition of virial equilibrium. However, the members of such associations still probably lie within their common 'zero-velocity surface', i.e. they will approach each other and be subjected to the subsequent virialization. Three panels in Fig. 2 show the distribution of galaxies in the sky with radial velocities in the same intervals as in Fig. 1 . The shaded polygons there represent the zones of such aggregates with their real angular sizes in the sky. In the nearby volume (the top panel) the most extended aggregate is the Virgo cluster, and its angular diameter is approximately equal to the diameter of the 'zero-velocity surface' of the cluster, which is 2R0 = 46
• according to Karachentsev & Nasonova (2010) . In the middle panel in the volume of 1200 < VLG < 2400 km s −1 , the most extended aggregate is the Fornax+Eridanus association of groups. Its angular size is also close to the diameter 2R0, which is equal to ≃ 22
• as estimated by Nasonova et al. (2011) . These correspondences suggest that the dimensions of other associations (overdensities) from Fig. 2 may be also in accordance with sizes of their 'infall zones'. It will be appropriate to note here that there is a significant fraction of galaxies that are located outside the volumes of both groups and clouds. Their distribution does not appear to be random, but shows some correlation with the distribution of group centres. The most isolated of these 'field galaxies' ) Figure 2 . Sky distribution of the galaxy associations identified by the clustering algorithm with κ = 40. The shaded polygons outline real angular sizes of the systems. Three panels correspond to the same volumes as in Fig. 1. are of considerable interest with regard to the effect of their isolation on the population and structure of these objects, and the star formation rate in them.
Among 10914 galaxies in the studied volume, the individual distance estimates are so far known for less than 2000 galaxies. Most of them are spiral galaxies, where the distances were determined by the Tully & Fisher (1977) method with the accuracy of ∼ 20 per cent from the relation between the luminosity and rotation amplitude of the galaxies. However, to ensure a uniform approach we used only the Hubble distances of galaxies D = VLG/H0, that, of course, distorts the true picture of distribution of galaxy groups in the Local universe. The distribution of 395 identified groups by their mean radial velocities is presented in Fig. 3 . The groups in which the main member is a galaxy with a well-developed bulge (T 2) are marked in the figure in grey. As one can see, the distribution of N (VLG) is markedly different from homogeneous, showing an excess of the group number from the Virgo and Fornax complexes with their velocities around 1500 km s −1 . In the Local Volume (VLG < 750 km s −1 ) there exists a lack of groups with the main galaxies of early type. It reflects the well known effect of the morphological segregation with environment because our Galaxy lies on the edge of Local Supercluster far away from the dense concentration of the galaxies. Fig. 4 shows the distribution of groups by their radial velocity dispersion. The value σV in groups ranges from 10 to 450 km s −1 with the median of 74 km s −1 . In the groups where the main galaxy belongs to the E, S0, Sa types, the median dispersion (82 km s −1 ) is slightly higher than in the groups with the late-type main galaxy (61 km s −1 ). Since in the modern optical redshift surveys the typical velocity measurement errors amount to ∼ 40 km s −1 , their effect on the virial motion amplitude is significant. The groups, presented in the tail of the distribution are in general those, dominated by the early-type galaxies; they are marked in the figure in grey.
According to data from Fig. 5 , the mean projected radius of the groups is distributed over a wide range from 33 kpc to 903 kpc with a median of 268 kpc. The groups with a dominant early-type galaxy (shown in grey) have the linear size on the average slightly larger (276 kpc) than the others (256 kpc). It is obvious that the observed diversity of linear sizes of groups has a physical origin, rather than being caused simply by the projection factors.
A two-dimensional distribution of 395 groups by linear dimension and velocity dispersion is presented in the left panel of Fig. 6 . Despite a large scatter, a weak positive correlation between σV and R is visible. A straight line in the lower right corner indicates the region where the 'crossing time' of the group exceeds the Hubble time of the Universe H −1 0 Gyr. Only 3 per cent of all groups outreachs this limit mainly due to the projection factors. The right panel in Fig. 6 depicts a similar distribution, but with the radial velocity dispersion normalized over the total K-luminosity of the group. The straight line corresponds to the case where the velocity dispersion is proportional to the linear size of the group, σV ∝ R , and the integral luminosity of the group is proportional to its volume, LK ∝ R 3 . Fig. 7 shows how the total K-luminosity (left) and projected mass (right) change with an increasing number of group members. Solid and open circles denote, respectively, the systems with a bulge-dominated and disc-shaped main members. The straight lines in the panels correspond to the linear regressions: log LK ∝ 1.01 lg n and log Mp ∝ 1.38 lg n, different slopes of which indicate that the mass of the group grows with the population faster than its luminosity. It might imply that either the baryon fraction is lower in more massive groups or, more plausibly, that the cumulative starformation efficiency is lower.
As we have noted, modern optical surveys provide an insufficient accuracy of radial velocity measurements even for relatively nearby galaxies. This is reflected in a noticeable way on the estimates of group masses. A histogram of the distribution of the number of groups over the logarithm of the projected mass is demonstrated in the left panel of Fig. 8 . The distribution has a fairly symmetrical shape with the median 3.3 10 12 M⊙. Here the median mass of the groups which are dominated by early-type galaxies (the grey part of the histogram) amounts to 4.0 10 12 M⊙. A transition to the unbiased mass estimates via a quadratic subtraction from σ 2 V of the velocity measurement errors reduces the median to 2.3 10 12 M⊙. A similar effect manifests itself in the distribution of groups by the value of the projected mass-toluminosity ratio (right panel in Fig. 8) , where the medians of the biased and unbiased estimates are 31 and 22 M⊙/L⊙, respectively. Thus, neglecting the real accuracy of galaxy velocity measurements, one overestimates the mass of groups on the average by 30 per cent. Someone might suspect the discrepancy between adopted value κ = 6, based on training the group-finding algorithm in the Local Volume, and the derived value of M/LK = 22 from the groups found with this algorithm. There is no contradiction here. The criterion (3-4) does not use any assumptions about projection effects. These inequalities are true for observable values because projection only decreases real separation and velocity difference between galaxies. For virialized systems the projection factor is 3π/2 for criterion 3. Thus the expected value of M/LK is about 28 that is in good agreement with derived value of mass-to-light ratio.
The relations between the projected mass of the group and its luminosity LK , as well as its linear size R are represented in the panels of Fig. 9 . The lines of robust regression weighted by dispersion of scatter in the left and right panels are lg Mp ∝ 1.15 ± 0.03 lg LK and lg Mp ∝ 2.0 ± 0.1 lg R , respectively. Here the correlation of the mass Mp with the linear size of a group is significantly less pronounced than with the luminosity. We can see that the region of low values Mp/LK < 5 M⊙/L⊙ is occupied by the groups with the population n = 4-6. An example of this is a group around the spiral galaxy NGC 660 with R h = 235 kpc and velocity dispersion of only 29 km s −1 . In the region of high values Mp/LK > 97 M⊙/L⊙ there are 10 groups, most of which with n = 4-6 members are in this region due to a random projection factors game. In fact, only one group in the zone Mp/LK > 97: NGC 3223 (Antlia) is a massive group (cluster) with a big number of measured radial velocities, n=53. In addition, the region of values Mp/LK > 97 contains three groups with low luminosities: NGC 4216 (n=16), NGC 4402 (n=4) and NGC 4150 (n=4). The first two groups are located in the Virgo cluster core and have mean radial velocities of +55 km s −1 and +117 km s −1 , respectively. Consistent with these velocities, the distances and luminosity of these groups are anomalously low, what led to their fictitiously high Mp/LK ratios. The disadvantage of our algorithm, where the distance of a group is determined by the mean radial velocity of its galaxies, is most pronounced in the regions with large peculiar motions. Some groups we identified in the Virgo cluster core are, most probably, false groups, rather than physical subsystems in the Virgo cluster. The highest value Mp/LK = 843M⊙/L⊙ falls within the group of 5 galaxies around NGC 4150 in the Coma I region. The mean radial velocity of the group, +211 km s −1 , corresponds to the distance of 2.9 Mpc, whereas the individual distances of NGC 4150 and the other members are 4-5 times more distant. It is likely that these galaxies with low radial velocities have a large component of peculiar velocity, moving towards the Virgo cluster.
The line lg Mp/LK ∝ 0.15 lg LK on Fig. 10 corresponds to correlation between mass and luminosity from Fig. 9 . It shows that the mass-luminosity ratio of a group on the average increases from poor to rich groups. Interestingly, its intersection with the Ωm = 0.28 line can occur for group with luminosity LK ≃ 3 10 14 L⊙, which is comparable with total luminosity of the Local Supercluster.
An important parameter of galaxy system is the crossing time. Taking into account the effects of projection the crossing time is
where the mean projected pairwise separation, R ⊥ , is characteristic size and the velocity dispersion, σV , is characteristic inner motion in the group. The distribution of 395 groups by tcr, presented in Fig. 11 , has a fairly symmetrical shape with the median at 3.8 Gyr. The groups with a dominant E, S0, Sa galaxy (hatched) are characterized by a slightly shorter crossing time (3.4 Gyr) than the others (4.1 Gyr).
Only 3 per cent of groups fall into the region tcr > 13.7 Gyr. The correction for velocity error increases this value up to 19 per cent. Consequently, the essential fraction of the groups selected by our criterion can be considered as dynamically evolved systems.
DISCUSSION
As the data in Fig. 12 show, the radial velocity dispersion and the linear diameter of group trend to increase slightly with distance. However, the mean projected massto-luminosity ratio (corrected or uncorrected for velocity measurement errors) practically does not depend on the distance. In other words, the physical requirements we used for galaxy clustering (the negative value of the total energy of a virtual pair, and its component separation to be within the radius of the zero-velocity surface) appear to be weakly sensitive to a loss of dwarf galaxies, which increases with a distance. Therefore, our criterion does not need special tuning of dimensionless parameter κ as a function of the group distance. It should be remind that the population of groups n, presented in our catalogue, corresponds to the number of group members with already measured radial velocities. Besides these galaxies, the group volume may contain a lot of dwarf galaxies without radial velocity estimates. Such dwarf systems (dSph and dIrr), usually having a low surface brightness, were found in large quantities in nearby (D 15 Mpc) groups by Karachentseva & Karachentsev (1998) ; ; Karachentsev et al. (2007) at the visual examination of the POSS-II prints. Recently, Eigenthaler & Zeilinger (2010) used the SDSS survey data to search for dwarf members of the NGC 5846 group. Mahdavi et al. (2005) ; Tully & Trentham (2008) ; Trentham & Tully (2009) looked for the dwarf population in the groups NGC 5846, NGC 5353/4 and NGC 1023, using high-resolution images taken with the MegaCam CCD camera on the CFHT telescope. A large number of dwarf members in the Virgo and Fornax clusters were found by Binggeli et al. (1985) ; Ferguson (1989) ; Ferguson & Sandage (1990) ; Mieske et al. (2007) . The physical membership of these objects needs to be confirmed via the distance and/or radial velocity measurements. A consolidated list of the most probable dwarf galaxies in the nearby groups from our catalogue as potential targets for measuring new radial velocities is under preparation by Karachentseva et al. (2011) .
A comparison of galaxy membership in our groups with its affiliation in groups in other catalogues is quite difficult to perform due to essential differences in the volumes of space covered by different catalogues, as well as the sets of original data on radial velocities of galaxies used, which are rapidly growing with time. Nevertheless, well-known groups, such as NGC 5371, NGC 5846, show a fairly detailed agreement in their member composition.
Using the data of 'A Catalog of Neighboring Galaxies' (CNG) ), which presents individual distances to many galaxies with D < 10 Mpc, and indicates in the comments their membership in the nearby groups, we compared the populations of these groups in the old (nCNG) and new (nMK ) catalogues. As we can see from Fig. 13 , for the majority of 23 nearby groups there is a good agreement between the numbers of group members. An exception is a group of galaxies NGC 4278 (Coma I), which is located in a complex region near Virgo, where several groups overlap at the equator of the Local Supercluster and a significant role is played by the Virgocentric infall effect. It should be emphasized, however, that a comparison we made generally refers to a rather 'cold' region of the Local Volume. An application of our algorithm to the cluster zones (Virgo, Fornax) with large non-Hubble velocities can generate fictitious, phantom groups.
Some authors (Jones et al. 2003; Díaz-Giménez et al. 2008; von Benda-Beckmann et al. 2008) propose to distinguish a special category of 'fossil' groups, where the main galaxy significantly surpasses all the other members on the luminosity scale. The dynamical evolution of such groups could have evolved on a different scenario than that of other groups. An example of a 'fossil' group in the Local Volume can be a group of companions around M 104 (Sombrero), where the K-magnitude difference between the second and the first brightest galaxies is K2−K1 = 2. are located at the opposite end of the K2 − K1 scale in the Local Volume. If we attribute as fossil groups those with K2 − K1 > 2.50 m , then our catalogue contains 81 such groups or 21 per cent of their total number. Two upper panels in Fig. 14 show the distribution of 395 groups by linear size R and integral luminosity LK . Here the fossil groups are given in grey. The third panel exhibits a relation between the projected mass-to-luminosity ratio and K2 − K1. The fossil groups with K2 − K1 > 2.50 m tend to have a bit lower mean size, luminosity and Mp/LK ratio than the others.
As noted above, our algorithm of galaxy clustering is not entirely reliable in the 'hot' areas with large non-Hubble motions. In the Virgo as in the core of the Local Supercluster our criterion identifies 46 groups and pseudogroups. At a lower density contrast with the parameter κ = 40 they all merge into the association M 49, which is easily tracked in column (12) Table 1. In general this association (i.e., the Virgo cluster) contains 1558 galaxies with a total luminosity of LK(Virgo) = 1.4 10 13 L⊙ and the projected mass sum of ΣMp(Virgo) = 6.0 10 14 M⊙. This mass is close to the total virial mass of Virgo as a single dynamic aggregate MV IR = (7 ± 1) 10
14 M⊙ according to Hoffman et al. (1980) ; Tully & Shaya (1984) ; Tonry et al. (2000) . Note as well that for the conglomerate of the groups identified by us in the Virgo cluster, the ratio ΣMp/ΣLK = 43 M⊙/L⊙ practically coincides with the virial estimate MV IR(< 1.8Mpc)/LK = (48 ± 6) M⊙/L⊙, obtained by McLaughlin (1999) within the radius 1.8 Mpc.
In the region of another nearby cluster, Fornax, our algorithm identifies 27 multiple systems with the total number of members equal to 379, which at the low density contrast (κ = 40) join into the association NGC 1399=Fornax (see the last column of Table 1 ). The total luminosity of the Fornax+Eridanus association is ΣLK (For + Eri) = 5.0 10 12 L⊙, and the sum of projected masses of 27 systems is ΣMp(For + Eri) = 2.1 10 14 M⊙. The ratio of these quantities, ΣMp/ΣLK = 43 M ⊙/L⊙ is somewhat higher than the ratio 32 M ⊙/L⊙, obtained by Desai et al. (2004) for the Fornax cluster itself at LK (Fornax) = 1.8 10 12 L⊙ and Mp(Fornax) = 5.9 10 13 M⊙.
We assume that among the 27 multiple systems identified by us in the Fornax+Eridanus region, the majority are real substructures of the complex that have not yet reached dynamic equilibrium. Interestingly, the group NGC 1386 with the mean radial velocity +755 kms −1 has the greatest value in the complex, Mp/LK = 106 M ⊙/L⊙. The corresponding Hubble distance to the group is 10.3 Mpc. However, Tonry et al. (2001) determined the individual distances to three galaxies in this group: NGC 1386, NGC 1395 and E 358-59, and the mean distance deduced from them is (19.3 ± 1.6) Mpc. Obviously this group is falling from the far side onto the Fornax cluster. With a more precise distance, the projected mass-to-luminosity ratio of NGC 1386 group drops to 57 M⊙/L⊙.
A comparison between two rich complexes in the Virgo and Fornax+Eridanus yielded the ratio of the galaxy number in them as 4.1, the ratio of the total K-luminosities as 2.7, and the ratio of projected masses as 2.8. As a curiosity, note that Crook et al. (2007) estimated the ratio of the projected masses as Mp(Virgo)/Mp(For+Eri) = 0.23, what is contrary to numerous observational data.
As the most massive structure within the distance of D = 40 Mpc, the Virgo cluster amounts to 18 per cent of galaxies in this volume, 15 per cent of the total K-luminosity and 15 per cent of the projected mass. Such a proportion of baryons as well as dark matter contained in rich clusters is quite consistent with the generally accepted ideas.
In Table 1 the group of 9 galaxies around M 51 stands out among the remaining 394 groups due to its weak isolation. The clustering of galaxies into associations at a low density contrast results in a sharp increase in the number of galaxies, joining this group. Being a group of middle compactness with R h = 182 kpc, and uniting with other groups: NGC 4244, NGC 4258, NGC 4490, NGC 4736, the M 51 group turns at κ = 40 into an extended association with 405 members, the total K-luminosity of 2.0 10 12 and the ratio of the projected mass sum to the sum of group luminosities ΣMp/ΣLK = 38 M⊙/L⊙. This loose formation became known in the literature as a Cloud of Galaxies in the Canes Venatici, CVn I. 
BUDGET OF COSMIC MATTER IN THE LOCAL UNIVERSE
The data on galaxies in groups, pairs and in the field available at our disposal allow making judgements on the principal features of the distribution of bright and dark matter in the Local universe with the diameter of 80-90 Mpc. On this scale we expect to reach the mean density of the Universe with accuracy about 15 per cent (Pápai & Szapudi 2010) . Fig. 15 reproduces the distribution of matter in the Local Supercluster and its environs, projected onto the planes {SGX,SGY} and {SGY,SGZ} in the Cartesian supergalactic coordinates. The distance scale is shown by concentric rings around the Local Group with a step of 10 Mpc. The horizontal cones in the left figure are formed by the 'Zone of Avoidance' at the galactic latitudes |b| < 15
• . The Virgo cluster with the adjacent ridges is located up from the centre at a distance of Y = 17 Mpc. There is a chain of groups/clusters: Antlia, Hydra, Centaurus seen to the left from Virgo. This structure extends outside the figure's limits towards the region of the so-called Great Attractor. The Local Void as a zone of low density is seen on the upper side (+Z) of the right panel, adjoining with the cone caused by the Galactic extinction. The surface K-luminosity density in the units of M⊙/Mpc 2 is shown in grey scale. Fig. 16 shows the variation of mean density of Kluminosity in the sphere with the radius DMpc and a step of 1 Mpc. The circles mark the values of the integral luminosity density of the galaxies belonging to our groups, triplets and pairs. The histogram reflects the course of the mean density with distance for all the galaxies, including the galaxies of the field. The solid, dashed and dotted horizontal lines mark the level of the mean cosmic K-band luminosity density according to Jones et al. (2006); Bell et al. (2003) ; Cole et al. (2001) ; Kochanek et al. (2001) , who used the 2MASS survey data, but with slightly different assumptions on the proportion of light absorbed by dust inside the galaxies. Within the 40 Mpc radius sphere, the mean density of K-luminosity according to our data amounts to 4.73 10 8 L⊙ Mpc −3 versus the estimates of the mean space density (3.8-4.7) 10 8 L⊙Mpc −3 from the above sources.
Note that in this volume the total K-luminosity of the galaxies associated into the systems of different multiplicity n 2 amounts to 82 per cent of the luminosity of all galaxies. In other words, only 18 per cent of stellar baryons are located outside the boundaries of the virial zones of the galaxy systems. This is in good accordance with luminosity function measurements in groups and overall. For instance, using the data of (Blanton et al. 2003) on total luminosity density and (Zandivarez et al. 2006 ) on luminosity function in groups from SDSS survey and taking into account the fraction of galaxies in groups (54 per cent), we receive that only 20 per cent of the total light is associated with field galaxies. Comparing the proportion of clustered luminosity in the K-band (82 per cent) with the relative number of clustered galaxies (54 per cent), we conclude that the de- gree of crowding in dwarf galaxies is significantly lower than that in the galaxies with high K-luminosity.
Another feature of the Local universe is revealed in that the approximation of the mean stellar density with increasing D to its asymptotic cosmic value occurs exactly from the top, i.e. the broad LG neighbourhood represents a vast zone of overdensity. At that, the fluctuations δρ(LK)/ ρ(LK ) ∼ 1 occur even on the scales of ∼ (15-20) Mpc.
The distribution of mean density of matter in the Local universe is shown in two panels of Fig. 17 in the units of critical density. The contribution of the masses produced by pairs and triplets of galaxies from the catalogues of ; is shown by the triangles, and the contribution of the masses of groups with a population of n 4 is marked by the squares. Apart from the group members, we have to take into account the contribution to the total mass made by the field galaxies. As noted above, their relative number amounts to 46 per cent, and relative luminosity in the K-band is only 18 per cent. We believe that the isolated galaxies differ little in their physical properties from the galaxies in binary or triple systems, as corroborated by the mass estimates from the effects of weak gravitational lensing (Mandelbaum et al. 2006 ). Attributing to the isolated galaxies the same total mass-luminosity ratios as those possessed by the components of low-multiplicity systems, we have depicted the behaviour of the total matter density in the volumes of radii DMpc in the form of a histogram. Compiling the catalogues of groups, triplets and pairs of galaxies, we were limited by the systems, the mean radial velocities of which satisfy the condition VLG 3500 km s −1 , to which at H0 = 73 km s −1 Mpc −1 corresponds the distance of D =47.9 Mpc. However, in the process of galaxy clustering we took into account the galaxies beyond this volume with VLG < 4000 km s −1 . Therefore, the values of Ωm in the D = 40-47 Mpc distance range can be regarded as not highly susceptible to various boundary effects. The histogram in the top panel of Fig. 17 shows that the mean local density of matter within the distance of 40-47 Mpc amounts to Ωm = 0.116-0.096.
As noted above, the galaxy redshift surveys (CfA, 2dF, 6dF, SDSS) contain a 'noise' component ǫV ≃ 40 km s In addition to the galaxy velocity measurement errors, 4.1×10 there is another source of uncertainty in the estimation of the local value of Ωm. As we have noted, the clustering algorithm we used does not work reliably enough in the regions of large non-Hubble motions. Summing the mass of groups we identified in the Virgo cluster volume (6.0 10 14 M⊙), we found that it was smaller than the virial mass estimate 7.0 10 14 M⊙. In the case of the Fornax cluster, the total mass of the groups turned out to be larger than the virial mass (2.1 10 14 M⊙ versus 0.6 10 14 M⊙). Therefore, at the total mass of the local sphere with the radius of 40 Mpc equal to (2.7-3.4) 10 15 M⊙, the errors of mass determination ∼ 2 10 14 M⊙ result in the error in the Ωm estimations of less than 10 per cent.
Another reason, distorting the local estimate of Ωm, can be the fact that we neglected the galaxies that do not yet have their radial velocities measured. In order to determine the significance of their contribution, we assumed that the luminosity function of galaxies is described by the Schechter (1976) function with the parameters M * K = −24.3 and α = −1.0 (Bell et al. 2003; Cole et al. 2001 ). In the galaxy redshift surveys (6dF, SDSS) the completeness of radial velocity measurements is assured up to the limiting apparent magnitude Ks ≃ 12.0 m . At the boundary of the volume under consideration (40-47) Mpc, this corresponds to the absolute magnitude of (−21.0), by 3 m fainter than M * K . With the above parameters of the luminosity function, the contribution of the fainter galaxies in the integral luminosity on the edge of the considered volume is only about 12 per cent. In general, the correction to the mean luminosity density over the entire volume is less than 10 per cent. Consequently, the neglect of galaxies without measured radial velocities, and an imperfection of the group criterion we used may not be the causes of such a strong difference in the estimates of local and global densities of matter.
CONCLUDING REMARKS
The main objective of our work was to create a catalogue of galaxy groups, covering the entire sky and extending up to the distances of 40-45 Mpc from the Local Group. To this end, we used the clustering algorithm that takes into account individual characteristics of galaxies. Applying this criterion to the observational data on 10914 galaxies with the velocities VLG < 3500 km s −1 , we have identified 509 pairs, 168 triple systems and 395 groups with the populations of four or more members. Totally these samples include 54 per cent of all galaxies, or 82 per cent of the total luminosity of the Local universe of the given volume. At that, we have not used any special conditions that would restrict the initial sample of galaxies by morphological type or other characteristics (apart from the availability of radial velocity measurements). Minimal selectivity of our sample makes it attractive for the analysis of various properties of galaxy systems depending on their environment.
We consider that the most important result here is the estimation of the mean density of matter in the Local universe. According to our data, its value amounts to Ωm = 0.08 ± 0.02 in the spherical volume with the diameter of 80-90 Mpc. As noted above, the low estimates of Ωm ∼ 0.10 also follow from the virial masses in galaxy groups derived from the lists by Vennik (1984) ; Tully (1988); Magtesyan (1988) . In a recent paper by Crook et al. (2007) the estimates of Ωm were obtained ranging from 0.10 to 0.23, depending on the choice of parameters for galaxy association into groups, and on the way of computing the virial masses of groups. Earlier, Bahcall et al. (2000) studied the published estimates of the mass-luminosity ratio in the groups and clusters, and deduced the value Ωm = 0.16 ± 0.05. Recently, Abate & Erdogdu (2009) analysed the peculiar velocity field for the 2MASS galaxies, using the SFI++ survey data (Springob et al. 2007) , and concluded that in the Local universe with a characteristic scale of ∼ 6000 km s −1 the density of matter lies within the interval of Ωm = 0.09-0.23.
At least, three different ideas can be proposed to explain the drastic difference between the local and the global estimates of Ωm.
(i) Dark matter in groups and clusters extends far beyond their virial radius traced by galaxies. To reduce the Ωm discrepancy, one ought to assume that the total mass of each group and cluster is about 3 times its virial mass. However, as it was shown by Karachentsev (2005) ; Karachentsev & Nasonova (2010); Nasonova et al. (2011) , the total mass of nearby groups and Virgo, Fornax clusters within the radius of zero velocity surface R0 is almost the same as their virial mass. Note that R0 is ∼ (3.5-4.0)R vir . Therefore, the existence of large amount of dark matter at periphery of systems is inconsistent with the observational data.
(ii) One can image a possibility that the local Universe is significantly (3 times) under-dense relative to the global density. The largest structure in the Universe detected to date is the Sloan Great Wall, filamentary aggregation of galaxies of 450 Mpc long, at distance of 310 Mpc (Gott et al. 2005) . In principle, we can reside in a "valley" between such kind large scale walls. But, Fig. 16 tells us that we are living in the luminous matter overdensity extending till to about 40 Mpc. Of course, this local overdensity can be only a peak surrounded by wider under-dense region. However, numerous K-band counts of galaxies in the range of K = 12-19 m (Djorgovski et al. 1995; Bershady et al. 1998; Huang et al. 2001; Totani et al. 2001) do not show the presence of any significant cosmic lacuna around us within ∼ 2000 Mpc.
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